Ageing is associated with the development of medical conditions, both acute and chronic. The aim of this study was to determine whether medical factors were associated with subsequent self-and officially-reported crashes and traffic offences in a group of cognitively healthy older drivers. We surveyed medical conditions, medications taken for these conditions, and the amount of subjective distress associated with medical conditions in a group of 56 drivers aged 72-85 years for a period of 24 months. We also compared exposure to driving at baseline to the number of crashes or offences at 24 months. We found no relationship between the number of medical conditions or medications taken and whether a participant had a crash or offence. However, those who reported more subjective distress associated with their condition/s were more likely to have a crash or offence during the study period. Drivers who had a crash or offence also had a higher mean driving exposure. However, there was no relationship between reported distress and driving exposure which indicates that these may be independent risk factors for experiencing a crash or traffic offence.
INTRODUCTION
Dementia, cerebrovascular disease, heart disease, and high blood pressure have all been linked with poorer driving safety in older people Sims et al., 2000; Brown & Ott, 2004; Anstey et al., 2005; Sagberg, 2006; Ott et al., 2008) . Comorbidity of chronic conditions increases the number of self-reported crashes in older drivers over 12-months (Marottoli et al., 1994) . Molnar et al. (2007) report that older drivers who endorsed being "bothered a great deal by diabetes mellitus" were more likely to have had crashes. This suggests that subjective feelings of distress associated with medical conditions in general may influence driving safety.
Serious at-fault car crashes are a useful measure of driving safety, but are a rare event. A New Zealand study found an incidence rate of 0.8% for police-reported serious crashes (fault not determined) in a sample of over 39,300 adults aged 80 and over during a two year period (Keall & Frith, 2004a) . Self-reported crashes, however, have a higher base-rate at around 4-8% per year (Marottoli et al., 1994; Sullman & Baas, 2004) , and may be a useful outcome measure for indicating which drivers are performing unsafe driving behaviours.
Traffic offences have a higher base-rate than crashes. For the 12 months ended 30 June 2008, New Zealand police issued 760,720 speeding offences to a licensed population of just over 3 million drivers (New Zealand Police, 2008; Ministry of Transport, 2009 ). This represents a speeding offence for 24% of drivers, although this is an over-estimation as the data do not account for multiple offences for a single individual. Importantly, committing traffic offences has been associated with an increased likelihood of having crashes, even in older drivers (Rajalin, 1994; Parker et al., 1995; Cooper, 1997; Keall & Frith, 2004a) . People observed driving at higher speeds on public roads were significantly more likely to have a state-recorded history of crashes and traffic offences over the previous seven years (Wasielewski, 1984) . Therefore, a record of traffic offences may help in identifying drivers who are at increased risk for crashes.
In addition to the main aim of this study in exploring the relationship of medical factors and crashes and offences, we were also interested in the effect of driving exposure. Higher driving exposure has been linked with a greater likelihood of experiencing a crash (Owsley et al., 1998; Ball et al., 2006) . Conversely, other studies have found that those older drivers driving fewer km were more likely to have a crash (Janke, 1991; Hakamies-Blomqvist et al., 2002; Keall & Frith, 2004b; Langford et al., 2006; Alvarez & Fierro, 2008 ).
In the current study, we followed 56 drivers aged 70 and older for 24 months with annual interviews collecting data about driving behavior and the presence of medical and psychological conditions. The drivers had no diagnosis of cognitive disorder at baseline. The aims of the study were to determine if crashes and traffic offences in a group of older drivers were related to:
 The number of medical conditions endorsed.  The number of medical conditions endorsed for which a medication was taken.  The amount of subjective distress due to medical conditions.  The amount of driving exposure.
METHODS

Participants
Participants were recruited for a previous study investigating off-road predictors of on-road driving ability (Hoggarth et al., 2010) . A convenience sample of 60 current drivers was recruited from churches, recreational groups, word of mouth, and advertisements placed in two free local health magazines in Christchurch. Participants were aged 70 to 84 years with 10 men and 10 women in each of three age groups (70-74, 75-79, and 80+ years) . Exclusion criteria included a history of moderate to severe brain injury, diagnosed neurological or cognitive disorder (i.e. stroke or dementia), severe musculoskeletal disease, and current psychiatric disorder. Participants undertook a 3-hour off-road testing session that included a computerized sensorymotor and cognitive test battery (SMCTests™), personality measures, and standardized cognitive tests (Hoggarth et al., 2010) . Participants completed a formal but unenforced 45-minute on-road driving assessment where the performance of each was rated as Pass or Fail (on-road assessors were blind to the results of all off-road testing). Participants continued to drive regardless of the outcome of the on-road assessment.
Participants from this original study were invited to take part in a 24-month follow-up study (the current study) using an annual 30-minute telephone interview. Officially-recorded traffic offence data from the New Zealand Transport Agency and police-reported crash data from the Ministry of Transport was collected. Participants gave informed consent, and both studies were approved by the Upper South A Regional Ethics Committee, Canterbury, New Zealand. One participant refused the follow-up study and one refused to give access to official crash and offence records. By 24 months, one participant had died and one could not be located, leaving interview data and full crash/offence data for 24 months for 56 participants. By the end of 24 months the mean age of the sample was 78.7 years (SD = 4.1) with a range of 72 to 85 years (27 males and 29 females). All remaining 56 participants were still active drivers at the 24 month interview.
Medical Condition Data
At each annual interview, participants were asked whether they had been diagnosed or treated for various medical conditions, psychiatric conditions, eye conditions, or possible indicators of declining health in the past 12 months (see Table 1 ). If a participant endorsed a condition they were asked whether they currently took a medication for this condition (rated as 'yes' or 'no') and subjective distress was assessed by asking how 'bothered' they were by the condition on a daily basis: not at all, a little, or a great deal.
Driving Exposure Data
As part of a previous study, participants logged their odometer readings prior to, and following, each driving trip taken during a seven day period. Additional information about longer trips taken in the last year was used to estimate driving exposure over the previous 12 months.
Crash and Traffic Offence Data
Crash data provided by the Ministry of Transport comprised crashes to which police were called. Traffic offence data provided by the New Zealand Transport Agency comprised offences issued in person by police officers. Parking offences were not included in this data. At 12-and 24-month interviews participants self-reported involvement in crashes and receipt of traffic tickets in the preceding 12 months. These self-reported data were collected to detect adverse events including crashes that were not attended by police, and traffic offences not collected on the official record such as roadside speed radar offences.
Data Analysis
One or more instances of either a crash or an offence reported either by a participant or an official source by the end of 24-month follow-up period formed the 'crash or offence' versus 'no-crash or offence' binary dependent variable. The number of medical conditions endorsed and the number of medical conditions requiring medication were summed for each participant. The amounts that participants reported being 'bothered' by each medical condition were assigned an ordinal rating of 0 for 'not at all', 1 for 'a little', 2 for 'a great deal' and were summed.
Mann-Whitney U tests were used to determine whether the number of medical conditions, the number of medications taken, the amount that participants were bothered by their medical conditions and the amount of driving performed were related to crash or offence involvement. Detailed examination of whether individual medical conditions were related to crashes and offences was not performed due to insufficient data across participants.
RESULTS
In total, 16 of 56 participants had self-or officially-reported crashes or offences over the 24-month period (10 participants with an offence only, 5 participants with a crash only, one participant with a crash and an offence). There were no officially-reported crashes for the 24-month follow-up. All officially-reported offences were also self-reported and all were for exceeding the speed limit. Descriptive statistics for medical conditions are provided in Table 1 . The most common medical conditions at 24 months were arthritis (57%), high blood pressure (48%), high cholesterol (39%), cataracts (39%), and heart disease (32%), with similar rates at 12 months. The single condition that distressed participants the most was arthritis, with 40% of those with arthritis at 12 months and 41% at 24 month reporting being bothered either a little or a great deal. There were also notable increases in the incidence of depression, from one person at 12 months to six at 24 months. Four people had broken bones at 24 months compared to one at 12 months; and head injuries increased from zero at 12 months to four at 24 months. These changes could indicate declining physical or emotional health of the sample over time.
Between those with and without crashes or offences, there was no difference in the number of medical conditions endorsed at 24 months (z = -0.09, p = .93), and no difference in the number of medications taken at 24 months (z = -0.67, p = .50). At 24 months, participants who had a crash or offence reported significantly more distress related to their medical condition/s than participants who had not had a crash or offence (z = -2.01, p = .04). Participants who had a crash or offence drove a higher annual mean number of km at baseline (crash or offence mean = 18,661 km, no crash or offence mean = 7,893 km, z = -2.20, p = .03). There was no significant correlation between annual km driven and distress associated with medical conditions (r s = -0.02, p = .86).
DISCUSSION
No association was found between the number of medical conditions endorsed or the number of medications taken and whether a participant had experienced a crash or offence during the previous 24 months. However, the relationship between reports of subjective distress related to medical conditions at 24 months and the incidence of crashes or offences suggests that subjective physical or emotional discomfort associated with medical illness may affect a person's likelihood of an adverse driving event. Increased distress could be related to increased seriousness of the condition that could negatively impact on driving behaviour. Increased distress could also relate to increased distraction or reduced mobility caused by the condition, for example pain or restriction of movement caused by arthritis. Molnar et al. (2007) found that older drivers who reported being bothered a great deal my diabetes were more likely to have had previous crashes. The current study supports the impact of subjective distress on adverse driving outcomes in a group of generally cognitively healthy older drivers. Options for amelioration of distressing symptoms, such as pain relief for those with arthritis, could have a positive impact on an older person's ability to drive safely.
The occurrence of a crash or offence over the following 24-month period was also related to a higher annual number of km driven measured at the baseline testing session. The difference was substantial with the crash or offence group on average driving over twice as much as the no crash or offence group. The fact that distress associated with medical conditions and driving exposure were not linearly related indicates that the two variables may be independent risk factors for crashes or offences
There are limitations in this study. Firstly, when initially recruited the participants were a sample of older drivers who would be considered representative only of a general older age sample that lacks diagnosed cognitive impairment. By the end of the 24-month period, one participant had been diagnosed with dementia, one with Parkinson's disease, and two had had a stroke. Thus, the sample began to resemble the general older population more closely as time progressed.
Secondly, it is likely that specific types of medical conditions or medications play more important roles in driving safety than merely the tallied number of conditions or medications, but the sample size was too small to provide enough power for a detailed investigation of this. Finally, the conflation of crashes and traffic offences is not ideal but it could be argued that both sit on a continuum of driving behaviours we would wish to minimize if possible. Future investigations into the relationship between at-fault crashes and traffic offences in larger samples would be valuable to determine if the two can be combined, particularly if a system for weighting the importance of crashes and offences could be devised.
With longevity showing signs of increase in many societies, it is likely that higher percentages of future cohorts of older drivers will be living, and driving, with the effects of chronic disease. Subjective ratings of distress related to these conditions may be a useful way to determine which older drivers are more likely to experience an adverse driving event. It may also be important to recognize that predominantly healthy drivers who drive greater distances are more likely to be involved in a crash or traffic offence.
